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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

[0001] The present invention relates to a melt-moldable, thermoplastic norbomene-based resin composition, and 
molded article or optical film using the same, more particularly a thermoplastic norbomene-based resin composition 
having Improved moldability, moisture penneabllity and adhesiveness, among others, and controlled in themnal deg- 
10 radation and defect formation during the melt molding process while retaining the inherent advantages of norbomene- 
based resin, e.g., heat resistance and transparency, and article or optica! film produced by melt-molding the same 
composition. 

DESCRIPTION OF THE PRIOR ART 

15 

[0002] Thermoplastic norbornene-based resin composition has been widely used in various areas, centered by op- 
tical areas, e.g., lenses (e.g., those for common cameras, video cameras, telescopes, glasses and laser beams), optical 
disks (e.g., optical video, audio, document filing and memory disks), optical materials (e.g.. those for optical fibers), 
and other optical uses (e.g., image-transf ending sheets, various films and other sheets); and other areas, e.g., cases 
20 for various electronic devices, window glasses, printed boards, sealants and inorganic or organic binders, in which its 
excellent properties, e.g., transparency, heat resistance, low moisture absorptivity, low birefringence and moldability, 
are utilized. 

[0003] For these optical areas, in particular for optical films, e.g., phase-difference films and polarizing plate protective 
films, thermoplastic norbornene-based polymer Is a suitable resin material. For example, Japanese Patent Laid-open 
25 Publication Nos.62-1 81 365 and 6-51117 describe these optical films, discussing that themnoplastic nort3ornene-based 
polymer is suitable for the optical films because of its excellent properties, e.g., transparency, heat resistance, low 
moisture absorptivity, low birefringence and moldability. 

[0004] However, it involves problems, when used for phase-difference films with an acrylic, pressure-sensitive ad- 
hesive agent or the like used for bonding it to a polarizing plate or glass board for liquid-crystal cell, e.g., difficulty for 

30 the adhesive agent or the like to exhibit adhesive strength. Similar problems may occur when it is used for a polarizing 
plate protective film, e.g., insufficient adhesiveness between a polyvinyl alcohol polarizer of very high polarity and 
norbornene-based polymer of low polarity. Another problem which may be encountered when the polymer of very low 
moisture permeability is used for a polarizing plate protective film comes from controlled evaporation of moisture in 
the polarizer to deteriorate optical properties of the polarizing plate during the heat resistance test. 

35 [0005] An optical film of themnoplastic norbornene-based polymer has been produced by solution casting, which is 
unsuitable for mass production because it needs complicated process management which may deteriorate its produc- 
tivity. Therefore, melt molding processes of higher productivity, e.g., injection molding and extrusion, have been at- 
tempted to replace solution casting. 

[0006] However, melt molding of a nortDornene-based polymer, when adopted to produce films, may cause problems, 
40 e.g., deteriorated film properties and defective outer appearances caused by decomposition products of the polymer 
and fonmation of gel, because the film is exposed to high molding temperature of 250**C or higher. 
[0007] Attempts have been made to solve these disadvantages involved in melt molding, e.g., incorporation of nor- 
bornene-based polymer with another component, and modification of the polymer itself. 

[0008] As one of the fornier approaches, Japanese Patent Laid-open Publication No.9-221577 proposes a resin 
45 composition comprising a thennoplastic noriDomene-based resin having a polar group and specific hydrocariDon-based 
resin. This resin composition, however, involves problems. For example, the molded article of the composition may 
not have satisfactory optical properties (e.g., haze). Another problem, which may be detrimental, is inapplicability to a 
thermoplastic norbomene-based resin having poor moisture permeability or the like and containing no polar group. 
One approach Incorporates a themnoplastic norbomene-based resin with a small quantity of polar monomer. However, 
50 use of such a monomer is not preferable, because it may cause problems related to compatibility with the resin and 
its bleeding. 

[0009] On the other hand, one of the latter approaches decreases molecular weight of a thennoplastic nort^omene- 
based polymer as the starting material. Decreasing the molecular weight, however, may cause a problem of significantly 
decreased strength of the optical film made of such a polymer. 
55 [0010] Under these situations, there are demands for development of novel themnoplastic norbornene-based resin 
compositions which can be produced by a technique applicable to any type of thermoplastte norbomene-based polymer, 
whether Its base polymer has a polar group or not. 

[0011] Considering the problems involved in the conventional techniques, it is an object of the present invention to 
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provide a thermoplastic norbornene-based resin composition having improved moldability, moisture pemneability and 
adhesiveness, among others and controlled in thermal degradation and detect formation during the melt molding proc- 
ess while retaining the inherent advantages of norbomene-based resin, e.g., heat resistance and transparency. It is 
another object of the present invention to provide an article or optical film produced by melt-molding the same com- 
5 position, 

SUMMARY OF THE INVENTION 

[0012] The inventors of the present invention have found, after having extensively studied to solve the above prob- 
10 lems, that incorporation of any thermoplastic norbornene-based resin with a specific olefin-based compound gives a 
novel thennoplastic norbornene-based resin composition having improved moldability, moisture pemneability and ad- 
hesiveness, among others, and controlled In thermal degradation and defect formation during the melt molding process 
while retaining the inherent advantages of norbornene-based resin, e.g., heat resistance and transparency, and that 
melt molding of the novel resin composition gives a molded article or optical film excellent in, e.g., transparency, heat 
IS resistance, low moisture absorptivity, low birefringence, moldability, moisture permeability and adhesiveness, achieving 
the present invention. 

[0013] The first aspect of the present invention provides a melt-moldable, thermoplastic norbornene-based resin 
composition comprising a base polymer (A) composed of thennoplastic norbomene-based resin incorporated with an 
olefin-based compound (B) having a number-average molecular weight of 200 to 1 0,000 and softening point of 70 to 
20 170°C. 

[0014] The second aspect of the present invention provides the thermoplastic norbornene-based resin composition 
of the first aspect, wherein the base polymer (A) is a norbornene-based resin having no polar group. 
[0015] The third aspect of the present invention provides the thennoplastic norbornene-based resin composition of 
the first aspect, wherein the olefin-based compound (B) has a number-average molecular weight of 500 to 5,000. 
25 [0016] The fourth aspect of the present invention provides the thennoplastic norbornene-based resin composition 
of the first aspect, wherein the olefin-based compound (8) is an alicyclic olefin or polymer thereof. 
[0017] The fifth aspect of the present Invention provides the thennoplastic norbornene-based resin composition of 
the fourth aspect, wherein the alicyclic olefin or polymer thereof has a polar group. 

[0018] The sixth aspect of the present invention provides the thermoplastic norbornene-based resin composition of 
30 the fourth or fifth aspect, wherein the alicyclic olefin or polymer thereof is a compound having a cyclopentene or nor- 
bornene ring. 

[001 9] The seventh aspect of the present Invention provides the thermoplastic norbomene-based resin composition 
of the sixth aspect, wherein the alicyclic olefin or polymer thereof is a hydrogenation product. 

[0020] The eighth aspect of the present invention provides the thermoplastic norbornene-based resin composition 
35 of one of fifth to seventh aspects, wherein the alicyclic olefin or polymer thereof having a polar group Is a product 
obtained by metathesis polymerization of a given norbomene-based monomer. The ninth aspect of the present inven- 
tion provides the thermoplastic norbornene-based resin composition of one of fifth to seventh aspects, wherein the 
alicyclic olefin or polymer thereof having a polar group is a product obtained by metathesis polymerization of a given 
norbornene-based monomer in the presence of a chain transfer agent containing a functional group. 
40 [0021] The tenth aspect of the present invention provides the thermoplastic norbornene-based resin composition of 
one of fifth to ninth aspects, wherein the polar group is a functional group having active hydrogen selected from the 
group consisting of carboxyl, hydroxyl, amino, amide and silyl group. 

[0022] The 11^ aspect of the present invention is the thennoplastic norbornene-based resin composition of the first 
aspect, wherein the olefin-based polymer (B) is incorporated at 0.01 to 1 00 parts by weight per 1 00 parts by weight of 
the base polymer (A). The 12*^ aspect of the present invention is the thennoplastic norbornene-based resin composition 
of the 11**i aspect, wherein the olefin-based polymer (B) is Incorporated at 0.01 to 15 parts by weight per 100 parts by 
weight of the base polymer (A). 

[0023] The 1 3^ aspect of the present invention is the thennoplastic norbornene-based resin composition of the 1 1 
or 1 2* aspect, wherein the olefin-based polymer (B) is incorporated in the base polymer (A) to an extent to keep glass 
so transition temperature reduced by 20**C or less. 

[0024] The 14^^^ aspect of the present Invention is the thermoplastic norbomene-based resin composition of one of 
the first to 1 3^ aspects, which has a melt viscosity of 3,000Pa-s or less at 280'*C and 1 00 to 1 3,000Pa-s at 230**C, and 
glass transition temperature of 100 to ISO^'G. 

[0025] The 1 5^ aspect of the present Invention is a molded article produced by melt molding of the thermoplastic 
55 norbornene-based resin composition of one of the first to 14**^ aspects. 

[0026] The 1 6*^ aspect of the present invention is an optical film produced by extrusion molding of the thermoplastic 
norbornene-based resin composition of one of the first to 14**^ aspect. 

[0027] The 1 7*^ aspect of the present invention is the optical film of the 1 S**' aspect, which has a total light transmit- 
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tance of 60 to 1 00%. The 1 8*^ aspect of the present invention is the optical film of the 1 6*^ aspect, which has a tear 
strength of 0.1 N or more. 

[0028] The 1 9*^ aspect of the present invention is the optical film of one of the 1 6*^^ to 1 S^^ aspects which has a haze 
of 20% or less. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] The present invention relates to a melt-moldable, thermoplastic norbornene-based resin composition com- 
pnsing a base polymer (A) composed of themioplastic norbomene-based resin incorporated with an olefln-based com- 
pound (B) having specific properties, and molded article or optical film using the same. The thermoplastic norbomene> 
based resin composition and molded article or optical film using the same of the present invention are described in detail. 

1 . Base polymer (A) 

15 [0030] The base polymer (A) incorporated in the thermoplastic norbornene-based resin composition of the present 
invention is composed of a thennoplastic norbornene-based resin. 

[0031] The thermoplastic norbornene-based resin is not limited, and any one can be used so long as it is norbomene- 
based. The known thermoplastic norbornene-based resins include (a) hydrogenation product of ring-opened polymer 
(including copolymer) of norbornene-based monomer, and (b) copolymer of norbomene-based monomer and olefln- 
based monomer, e.g., ethylene and/or alpha-olefin. They are substantially free of unsaturated bond. 
[0032] The norbornene-based monomers as the starting compounds for the thermoplastic norbornene-based resins 
are described in Japanese Patent Laid-open Publication Nos.5-39403 and 5-212828, and Japanese Patent Nos 
3,038.825, 3.019.741 and 3.030,953. among others. They include norbomene, methanooctahydronaphthalene 
dimethanooctahydronaphthalene, dimethanododecahydroanthracene. dimethanodecahydroanthracene, trlmethano^ 
dodecahydroanthracene, which may be substituted; and dicyclopentadiene, 2.3-dihydrocyclopentadiene. methanooc- 
tahydrobenzoindene, dimethanooctahydrobenzoindene, methanodecahydrobenzolndene. dimethanodecahydroben- 
zoindene. methanooctahydrofluorene and dimethanooctahydrofluorene, which may be substituted. 
[0033] These norbornene-based monomers may be used either individually or in combination. 
[0034] The substituent for the above compounds may be hydrocarbon or polar group, so long as it is known. Some 
of the examples include alkyi, alkylidene, aryl. cyano, alkoxycarbonyl and pyridyl group, and halogen atom. The specific 
examples include 5-methyl-2-norbomene, 5,5-dimethyl-2-norbornene. 5-ethyl-2-norbomene, 5-butyl-2-norbomene 
5-ethylidene-2-norbornene, 5-methoxycart>onyl-2-norbornene, 5-cyano-2-norbornene, 5-methyl-5-methoxycart)onyl- 
2-norbornene, 5-phenyl-2-norbornene and 5-phenyl-2-methyl-2-norbornene. 

[0035] Number-average molecular weight (detemnlned by GPG as the standard polystyrene, solvent: THF- or cy- 
clohexane-based one) of the thermoplastic norbomene-based resin is not limited. However, it is normally 5 000 to 
40.000, preferably 7.000 to 35.000. more preferably 8.000 to 30,000. A thennoplastic norbomene-based resin having 
a number-average molecular weight of less than 5.000 is not desirable, because the molded article (in partfcular optical 
film or the like) of the resulting composition may have an insufficient mechanical strength. The one having a number- 
average molecular weight of more than 40.000 is also not desirable, because it may be insufficiently moldable. 
40 [0036] The thermoplastic norbomene-based resin to be used as the base polymer (A) for the present invention may 
or may not have a polar group, as discussed earlier. A polar group may be present in the thermoplastic norbomene- 
based resin withm limits not hamiful to properties (e.g., optical properties and moldability) of the composition of the 
present invention . Presence of a polar group is rather preferable to impart adequate moisture pemieabillty to the molded 
article. 

45 [0037] The polar groups useful for the present invention include, but not limited to, halogen (chlorine, bromine and 
fluorine), hydroxyl, carboxylic acid, ester, amino, anhydrous acid, cyano, sllyl, epoxy, acrylic and methacrylic. Of these, 
ester and anhydrous acid groups are more preferable as the substltuents which can give reactivity to the compound 
substituted therewith by deprotectlon. 

[0038] Of the above-described thermoplastte norbornene-based resins, the commercially available ones include AR- 
TONTM (JSR) as the one having a polar group, and ZEONOR™ (Zeon) as the one having no polar group. 

2. Olefin-based compound (B) 

[0039] The olefln-based compound (B) to be Incorporated In the themnoplastic norbornene-based resin composition 
of the present invention is an olefin compound or polymer thereof having specific properties, I.e.. number-average 
molecular weight of 200 to 10,000 and softening point of 70 to 1 70^0, as discussed below. 

[0040] The olefin compound or polymer thereof Is not limited, so long as It satisfies the above properties. However 
It IS preferably an alicyclic olefin, oligomer or polymer thereof, and hydrogenation product thereof. 



20 



25 



30 



35 



50 



55 



4 



EP 1 331 245 A1 



[0041] Number-average molecular weight (determined by GPC as the standard polystyrene, solvent: chloroform) of 
the olef in-based compound (B) is nomnaliy 200 to 10,000, preferably 200 to 5,000, more preferably 500 to 5,000. It is 
particularly preferably 1 ,000 to 4.000, viewed from optical properties of the resulting composition. An olefin-based 
compound having a number-average molecular weight of less than 200 is not desirable, because the optical film or 

5 the like of the resulting composition may have an Insufficient tear strength. The one having a number-average molecular 
weight of more than 1 0.000 is also not desirable, because the compound will show the effect of improving moldability 
of the composition to only a limited extent, and the effect of incorporating an olefin-based compound is little exhibited. 
[0042] The olefin-based compound having a number-average molecular weight of less than 500 is highly volatile, 
and incorporation of the compound at 15% by weight or more based on the thermoplastic norbornenerbased resin is 

10 not desirable, because it may foam to make the resin turtjid white. 

[0043] Softening point of the olefin-based compound (B) is 70 to 1 70**C, preferably 80 to 150**C, more preferably 90 
to 140*^0. An olefin-based compound having a softening point of lower than 70**C is not desirable, because the ther- 
moplastic norbornene-based resin composition Incorporated with such a compound may be insufficient heat resistance. 
It is also not desirable viewed from properties of the molded planes and article. An olefin-based compound having a 

15 softening point of higher than 1 70*C is also not desirable, because the effect of incorporating an olefin-based compound 
is little exhibited. 

[0044] The softening point is defined as the temperature at whfch the intemal voids disappear to make the compound 
an externally uniform, transparent body or phase having an uneven stress distribution inside. Bubbles may sometimes 
enter the sample inside. However, the softening point depends on retardation and elastic relaxation properties of the 
20 sample, and heating rate and compressive load. 

[0045] The softening point can be measured by a flow tester, e.g., Shimadzu Corp.'s CFT-500C, by the heating 
method, in which the sample is heated at a constant rate during the testing period. This testing method can continuously 
measure the softening point while the sample is transformed from the solid state to transition, rubber-like elastic and 
eventually fiuidized state. 

25 [0046] This type of tester allows to determine not only shear rate and viscosity of the sample at each temperature 
In the fiuidized state, but also temperature (Tfb) at which the sample, under going from the solid state to fiuidized state 
via the transition state, starts to flow. This temperature (Tfb), at which the sample starts to flow, is defined as softening 
point for the present invention. 

[0047] Examples of the alicyclic olefins include those having a cyclohexene, cyclopentene, cyclooctene or nor- 
30 bornene ring in the structure. Of these, particularly preferable ones are those having a cyclopentene or norbornene 
ring. Moreover, these alicyclic olefins may be prepared by another reaction to structurally have two or more olefin 

monomers. 

[0048] The process for synthesizing the oligomer or polymer of the alicyclic olefin or hydrogenatlon product thereof, 
as the preferable compound for the olefin-based compound (B), is not limited. For example, it may be synthesized by 
35 metathesis polymerization or Diels-Alder reaction of a cyclopentene-, cyclopentadiene- or norbornene-based mono- 
mer. More specifically, these compounds include a commonly available petroleum resin and oligomer synthesized by 
ring-opening metathesis polymerization of a norbornene-based monomer. 

[0049] The commercially available petroleum resins useful for the present invention include Arakawa Chemical In- 
dustries' ARKON^M, Yasuhara Chemical Industries' YS Polyster™ and Crealon™, Tonex's Escorez™, of which Tonex's 
40 Escorez^" is particularly preferable, 

[0050] The oligomer synthesized by metathesis polymerization of a norbornene-based monomer is preferably the 
one whose molecular weight is controlled by incorporating a common metathesis polymerization catalyst and chain 
transfer agent in the norbomene-based monomer. 

[0051] For the chain transfer agent, a chain compound having an unsaturated bond is used. This type of agent can 
-^5 control molecular weight of the oligomer. The compounds having an unsaturated bond to work as the chain transfer 
agent include alpha-olefins, e.g., 1-butene, 1-pentene, 1-hexene, 1-octene and 1-decene, which may be substituted 
with a functional group. 

[0052] A common metathesis polymerization catalyst may be used as the polymerization catalyst for synthesizing 
the oligomer by the ring-opening metathesis polymerization. However, a ruthenium-based complex is particularly pref- 
50 erabte for its stability and high activity for synthesizing the oligomer on an Industrial scale or oligomer having a functional 
group. 

[0053] The preferable ruthenium-based complex catalyst is a high-activity one which can be used in air and is not 
very sensitive to water. These catalysts include a ruthenium (or osmium) alkylidene complex catalyst disclosed by USP 
5,831 ,1 08, and ruthenium complex catalyst excellent in resistance to heat and oxygen and In reaction controllability, 
55 developed by this applicant. Of these, particularly preferable ruthenium-based complexes are those represented by 
the general formulae (1) to (4): 
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[0054] In the genera! formula (1), and R2, which may-be the same or different, are each hydrogen, an all<enyl 
15 group of 2 to 20 carbon atoms, alkyi group of 1 to 20 carbon atoms, aryl group of 6 to 20 carbon atoms, carboxyl group 
of 2 to 20 carbon atoms, alkoxy group of 2 to 20 carbon atoms, alkenyloxy group of 2 to 20 carbon atoms, aryloxy 
group of 6 to 20 carbon atoms, alkoxycarbonyl group of 2 to 20 carbon atoms, alkylthio group of 2 to 20 carbon atoms 
or ferrocene derivative, which may be substituted, as required, with phenyl substituted with an alkyI group of 1 to 5 
carbon atoms, halogen atom or alkoxy group of 1 to 5 carbon atoms. 
20 [0055] Xi and Xg, which may be the same or different, each means any anionic ligand. preferably CI or Br, more 
preferably CL 

[0056] and Lg, which may be the same or different, each means any neutral electron donor, preferably phosphorus- 
based ligand. The preferable phosphorus-based ligands include a phosphine represented by the fomnula PR'R"R"', 
wherein R*. R" and R"' are each an alky! group of 1 to 20 carbon atoms or aryl group of 6 to 20 carbon atoms, and 
25 preferably selected from the group consisting of methyl, ethyl, isopropyl, t-butyl, cyclohexyl, phenyl and substituted 
phenyl. Each may be selected twice or more. More specifically, these ligands include -P(cyclohexyl)3, -P(phenyl)3 and 
-P(isopropyl)3. 

[0057] Moreover, as or L2, an imidazolium compound is suitably used. More specifically, these compounds include 
an imidazolin-2-ylidene and 4,5-dihydroimidazolin>2-ylidene derivative. Still more specifically, they include an N,N'- 
30 dimesitylimida2olin-2-ylidene and N,N -dimesityl-4,5-dihydroimidazolln-2-ylidene ligand. 
[0058] Moreover, Li and L2 may together form a molecule to be bidentate-coordinated. 

[0059] Still more, two or three of X^, X2, and L2 may be combined with each other to fonri a multidentate chelated 
ligand. 

[0060] In the general fomnula (1 ), and L2 are described to be trans-positioned. However, they may be cis-positioned 
35 depending on steric bulk density of the compound, or when they fomn a molecule to be bidentate-coordinated. 

[0061] Moreover, X^ and Xg are described to be cis-positioned. However, they may be trans-positioned depending 
on type of or L2. 



50 [0062] In the general formula (2), R3 and R4, which may be the same or different, are each hydrogen, an alkenyl 
group of 2 to 20 carbon atoms, alkyI group of 1 to 20 carbon atoms, aryl group of 6 to 20 carbon atoms, carboxyl group 
of 2 to 20 carbon atoms, alkoxy group of 2 to 20 carbon atoms, alkenyloxy group of 2 to 20 carbon atoms, aryloxy 
group of 6 to 20 carbon atoms, alkoxycarbonyl group of 2 to 20 carbon atoms, alkylthio group of 2 to 20 carbon atoms, 
alkylsilyl group of 2 to 20 carbon atoms, arylsilyl group of 2 to 20 carbon atoms or ferrocene derivative, which may be 

55 substituted, as required, with phenyl substituted with an alkyI group of 1 to 5 carbon atoms, halogen atom or alkoxy 
group of 1 to 5 carbon atoms. 

[0063] It should be noted, when an alkylsilyl or arylsilyl group is used as R3, that it may be positioned twtee or more 
on the silicon atom for stability of the complex. In such a case, it is preferably selected from the group consisting of 
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methyl, ethyl, isopropyl,t-butyl, cyclohexyl and phenyl. More specifically, these groups include trinnethylsilyl.triethylsilyl. 
diphenylmethylsilyl, dimethyl-t-butylsilyl and triisopropylsilyl. In this case, the preferable groups as R4 include t-butyl. 
n-butyl, n-propyl, isopropyl, ethyl, methyl, methoxymethyl, ferrocenyl, trimethylsilyl, phenyl, tolyl and anisyl, viewed 
from stability and activity of the complex. 
s [0064] X3 and X4, which may be the same or different, each means any anionic ligand, preferably CI or Br, more 
preferably CI. 

[0065] L3 and L4, which may be the same or different, each means any neutral electron donor, preferably phosphorus- 
based ligand. The preferable phosphorus-based llgands include a phosphine represented by the formula PR'R-R"', 
wherein R*, R" and R'" are each an alkyi group of 1 to 20 carbon atoms or aryl group of 6 to 20 carbon atoms, and 
10 preferably selected from the group consisting of methyl, ethyl, isopropyl, t-butyl, cyclohexyl, phenyl and substituted 
phenyl. Each may be selected twice or more. More specifically, these ligands include -P(cyclohexyl)3, -P(phenyl)3 and 
-P(isopropyl)3. 

[0066] Moreover, as L3 or L4, an imidazolium compound Is suitably used. More specifically, these compounds include 
an imidazolin-2-ylidene and 4,5-dihydroimidazolin-2-yIidene derivative. Still more specifically, they include an N,N'- 
'5 dimesitylimidazolin-2-ylidene and N,N'-dimesityl-4,5-dihydroimidazolin-2-ylidene ligand. 
[0067] Moreover, L3 and L4 may together form a molecule to be bidentate-coordinated. 

[0068] Still more, two or three of X3, X4, L3 and L4 may be combined with each other to form a multidentate chelated 
ligand. 
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[0069] In the general formula (3) or (4), R5, Rg, R7 and Rg, which may be the same or different, are each hydrogen, 
an alkenyl group of 2 to 20 carbon atoms, alkyI group of 1 to 20 carbon atoms, aryl group of 6 to 20 carbon atoms, 
carboxyl group of 2 to 20 carbon atonns, alkoxy group of 2 to 20 carbon atoms, alkenyloxy group of 2 to 20 carbon 
atoms, aryloxy group of 6 to 20 carbon atoms, alkoxycarbonyl group of 2 to 20 carbon atoms, alkylthio group of 2 to 
20 carbon atoms or ferrocene derivative, which may be substituted, as required, with phenyl substituted with an alkyI 
group of 1 to 5 carbon atoms, halogen atom or alkoxy group of 1 to 5 carbon atoms. 

[0070] In this case. R5, R7 and Re are preferably each an alkyI group of 1 to 20 carbon atoms, cyclohexyl group, 
phenyl group, alkyloxy group of 1 to 5 carbon atoms, carboxyl group, alkylsilyl group of 1 to 5 carbon atoms, hydroxyl 
group, nitro group, halogen, amino group of 5 carbon atoms or less, acetyl group or phenyl group substituted with 
acetoxy group. Of these, more preferable groups are phenyl, o-tolyl, p-tolyl, 2,6-xylyl, anisyl, nitrobenzene, chloroben- 
zene, o-isopropylphenyl, 2,6-diisopropylphenyl, ethyl, Isopropyl. t-butyl and cyclohexyl. 

[0071] Yi, Y2 and Y3. which may be the same or different, each means elemental sulfur, oxygen or selenium, of 
which sulfur or selenium is more preferable. 

[0072] X5, Xg. X7 and Xg, which may be the same or different, each means any anionic ligand, preferably CI or Br, 
more preferably CI. 
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[0073] L5, Lg, L7 and Lg, which may be the same or different, each nneans any neutral electron donor, preferably 
phosphorus-based ligand. The preferable phosphorus-based llgands Include a phosphine represented by the formula 
PR'R"R"'. wherein R\ R" and R"' are each an alkyi group of 1 to 20 carbon atoms or aryl group of 6 to 20 carbon atoms, 
and preferably selected from the group consisting of methyl, ethyl, isopropyl, t-butyl, cyclohexyl, phenyl and substituted 
5 phenyl. Each may be selected twice or more. More specifically, these ligands include -P(cyclohexyl)3, -P(phenyl)3 and 
-P(isopropyl)3. 

[0074] Moreover, as L5, Lg, L7 or Lg, an Imidazolium compound is suitably used. More specifically, these compounds 
include an lmida2olin-2-ylldene and 4,5-dihydroimlda2olin-2-ylidene derivative. Still more specifically, they include an 
N,N'-dimesitylimidazonn-2-ylidene and N,N'-dimesityl-4,5-dihydroimidazolin-2-ylidene ligand. 
10 [0075] Moreover, L5, Lg, L7 and Lg may together fomn a molecule to be bidentate-coordinated. 

[0076] Still more, two or three of X5. Xg, X7, Xg, L5. Le. L7 and Lg may be combined with each other to form a multl- 
dentate chelated ligand. 

[0077] The complex represented by one of the formulae (1) to (4) may be produced by a variety of processes. One 
of the representative processes synthesizes a starting compound for the ligand precursor or the like having some of 
15 Li to Lq and the like by a known process, synthesizes a starting compound for a ruthenium-based complex precursor 
also by a known process, and finally mixes these starting compounds to produce the target complex by the ligand 
exchanging reaction. 

[0078] The metathesis polymerization catalystfor synthesizing the norbornene- or cyclopentene-based oligomer for 
the present Invention is incorporated nomially at 0.0001 to 1 % by mol based on the total norbornene-based monomers, 
20 preferably 0.001 to 0.5%, more preferably 0.001 to 0.05%. At below 0.0001%, the norbomene-based monomer is 
polymerized at an insuffteient rate and hence not desirable. At above 1%, on the other hand, the system Is disadvan- 
tageous costwise and hence not desirable. 

[0079] Reaction temperature for the above synthesis process varies depending on melting point and boiling point of 
the solvent used. However, it is nomrially -30 to ISO'^C. preferably 10 to 150''C. Temperature lower than -30*»C is not 
desirable for incorporation of an organometallic compound catalyst, because of insufficient fluidity of the monomer. 
Temperature higher than 150*'C is also not desirable, because the metathesis catalyst tends to be deactivated. 
[0080] The metathesis polymerization for the present invention can be carried out in a solvent, whether it is compatible 
with the monomer or not. The solvents compatible with the monomer Include saturated hydrocarbons, e.g., pentane 
and hexane; aromatics. e.g., benzene and toluene; halides, e.g., methylene chloride and chloroform; ethers, e.g., 
diethyl ether and 1 ,2-dimethoxyethane; and esters, e.g.. methyl acetate and ethyl acetate. Those not compatible with 
the monomer Include water and alcohols. 

[0081] The metathesis polymerization forthe present invention is preferably carried out In an inert atmosphere. How- 
ever, it may be carried out in air in the presence of a stable Ru-based catalyst. An oligomer produced by metathesis 
polymerization generally has a double bond, and in particular the one produced by the polymerization process forthe 
present invention may be deteriorated by oxygen in air or the like. In order to prevent deterioration of the oligomer, an 
antioxidant may be Incorporated In the polymerization system. 

[0082] The antioxidant useful forthe present invention is not limited, so long as it is inert to the polymerization reaction. 
The particularly preferable antioxidants include pentaerythrltol-tetrakis[3-(3-di-t-butyl-4-hydroxyphenyl)propionate], 
1,3,5-trimethyl-2.4,6-tris(3,5-t-butyl-4-hydroxybenzyl)ben2ene, 2,6.di-t-butyl-4-methylphenol, tris-(3,5-di-t-butyl-4-hy- 
droxybenzyl)isocyanurate and 1 ,3,5-tris-{4-t-butyl-3-hydroxy-2,6-dimethyldibenzyl)isocyanurate. 
[0083] The olefin-based compound (B) forthe present invention is preferably free of unsaturated bond in consider- 
ation of heat resistance. For this reason, an unsaturated bond, when present in the compound, Is preferably treated 
with hydrogen. The hydrogenation catalysts useful forthe present invention include Wilkinson complex, cobalt acetate/ 
triethyl aluminum, nickel acetylacetate/triisobutyl aluminum. palladlum-cariDon, ruthenium complex, ruthenium-carbon 
45 and nickel-dlatomaceous earth. 

[0084] The hydrogenation process forthe present invention may be carried out in a homogeneous or heterogeneous 
system, depending on type of catalyst used, nomnally at a hydrogen pressure of 1 to 200atms and 0 to 250°C. 
[0085] The ruthenium-based complex catalyst represented by one of the general fonnulae (1 ) to (4), when used for 
synthesizing a norbornene- or cyclopentene-based oligomer, suitably wori<s not only for metathesis polymerization but 
also for hydrogenation, and synthesis and hydrogenation of the oligomer can be carried out continuously 
[0086] The olefin-based compound forthe present invention will have fairly different properties (in particular moisture 
permeability) whether it is of a nort^ornene-based oligomer (or cyclopentene-based oligomer or hydrogenation product 
thereof) or another compound, and its effect when incorporated In the base polymer should be widely varying. It is 
therefore preferable to select an adequate compound as the olefin-based compound (B) according to type of the base 
55 polymer. 

[0087] In other words, when the base polymer is athemioplastic nortDomene-based resin having a polar group, which 
is highly moisture pemneable, use of a nori^omene- or cyclopentene-based oligomer or hydrogenation product thereof 
having a polar group, which is highly moisture penneable, is not highly cost-benefit effective. On the other hand, when 
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the base polymer is a thermoplastic norbomene-based resin having no polar group, which is poorly moisture pemieable, 
use of a norbornene- or cyclopentene-based oligomer or hydrogenation product thereof having a polar group, which 
is highly moisture permeable, is effective and hence desirable. 

[0088] in such a case, the polar groups useful for the present invention include, but not limited to, halogen (chlorine, 
5 bromine and fluorine), hydroxyl, carboxylic acid, ester, amino, anhydrous acid, cyano, silyt, epoxy. acrylic and meth- 
acrylic. Of these, ester and anhydrous acid groups are more preferable as the substituents which can give reactivity 
to the compound substituted therewith by deprotection. 

[0089] The processes for producing the norbornene- or cyclopentene-based oligomer having a polar group include 
metathesis polymerization of a norbornene-based monomer having a polar group, and metathesis polymerization of 
10 a norbornene-based monomer in the presence of a chain transfer agent containing a polar group. 

[0090] The norbornene-based oligomer having a polar group useful for the present invention is not limited. For ex- 
ample, a compound represented by the general fomnula (5) can be used. 
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[0091] In the general fomnula (5), Rg to are each hydrogen atom, a hydrocarbon group of 1 to 1 0 carbon atoms 
or monovalent organic group, where at least one of R9 to R^g a polar group; and "m" is 0 to 2. The polar group is 
preferably a functional group, e.g., the one having active hydrogen selected from the group consisting of carboxyl, 
30 hydroxyl, amino, amide and silyl group. 

[0092] More specifically, examples of the norbomene-based monomers having a polar group represented by the 
general formula (5) include 5-norbornene-2-methanol, norborneneol, exo-2-norbomyl formate, 5-norbornene-2-endo, 
3-exo-dicarboxyIic acid and 5-norbomene-2,2-dimethanol. 

[0093] For the chain transfer agent having a polar group, on the other hand, a compound having an unsaturated 
35 bond and polar group is used. Use of such a compound can control molecular weight of the polymerization product. 

The unsaturated bond portion in the chain transfer agent reacts with the monomer during the polymerization process, 

adding itself to one or both ends of the resulting oligomer. As such, it can quantitatively introduce the polar group in 

the oligomer. Moreover, molecular weight of the norbornene- or cyclopentene-based oligomer can be controlled by 

adjusting content of the chain transfer agent. 
40 [0094] Structure of the chain transfer agent for the above purpose is not limited, so long it has an unsaturated bond 

and polar group. A compound having a structure represented by the general formula (6) can be cited as the example 

for the chain transfer agent having an unsaturated bond and polar group: 




( 6 ) 



[0095] In the general formula (6), R^3 and R14 are independent from each other, and structurally not limited. Each 
may be hydrocarbon, aikoxy, alkylthto, alkylsilyl or alkenyloxy group. At least one of R^s and R^4 is a functional group 
containing active hydrogen, or another functional group. 
S5 [0096] More specifically, the compounds represented by the general formula (6) include allyl acetate, allyl alcohol, 
vinyl acetate, 2-butene-1 ,4-diol, cis-1 ,4-diacetoxy-2-butene, acrylic acid, methacrylic acid, acrolein, acrylonitrite, vinyl 
chloride, maleic acid and fumaric acid. Even when a norbomene-based monomer having the above polar group is 
metathesis-polymerized into an oligomer, its molecular weight can be controlled by use of a chain compound having 
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an unsaturated bond as the chain transfer agent. 

[0097] The polar group in the norbornene-based or cyclopentene-based oligomer for the present invention preferably 
contains active hydrogen. Its structure is not limited. However, the particularly preferable polar groups include carboxyl, 
hydroxy!, amino, amide and silyl, because they can improve moisture pemneabllity and adhesiveness by a small Quan- 
tity. 

[0098] The olefin-based compound (B) for the present invention is incorporated nomnally at 0.01 to 100 parts by 
weight per 100 parts by weight of the base polymer (A), preferably 0.01 to 15 parts, more preferably 3 to 10 parts. 
[0099] At below 0.01 parts, the olefin-based compound may not sufficiently exhibit its effect and hence is not desir- 
able. At above 1 00 parts, on the other hand, the product resin composition may have deteriorated heat resistance and 
moldabifity. 

[0100] Content of the olefin-based compound (B) is determined from a different angle to retain heat resistance and 
moldability of the thennoplastic norbornene-based resin composition as the product. The olefln-based polymer (B) is 
incorporated in the base polymer (A) preferably to an extent to keep glass transition temperature reduced by 20°C or 
less. Incorporation of the olefin-based polymer (B) to an extent to reduce the glass transition temperature by more than 
20°C is not desirable, because it may deteriorate heat resistance as the inherent property of the norbornene-based 
resin and greatly limit its applicable areas, e.g., optical films. 

3. Other additives 

[0101] The themnoplastic norbornene-based resin composition of the present invention may be incorporated with, in 
addition to the essential components of the base polymer (A) and olefin-based compound (B), one or more known 
additives, e.g., antioxidant, UV absortser, lubricant and antistatic agent, within limits not harmful to the object of the 
present Invention. 

[0102] The antioxidants useful for the present invention Include 2,6-di-t-butyl-4-methylphenol, 2,2'-dioxy-3,3'-di-t- 
butyl-5,5'-dimethyldiphenylmethane and tetrakis[methylene-3-(3.5-di-t-butyl-4-hydrexyphenyl)propionate]methane; 
and UV absortjers useful for the present Invention Include 2.4-dihydroxybenzophenone and 2-hydroxy-4-methoxyben- 
zophenone. 

4. Thermoplastic norbornene-based resin composition 

[0103] The thennoplastic norbornene-based resin composition of the present invention is prepared by incorporating 
the base polymer (A) with a given content of the olefin-based compound (B) and, as required, one or more of the 
optional components described above. 

[0104] The resulting thermoplastic norbornene-based resin composition should have the following properties with 
respect to melt viscosity and glass transition temperature so. that it can be treated by melt molding, e.g., extrusion or 
injection molding. 

[0105] First, preferable melt viscosity at 280**C is nomnally 3,000Pa.s or less, detennined by a flow tester, more 
preferably 1 .OOOPa-s. Melt viscosity at 280°C above S.OOOPa s may deteriorate moldability of the resin composition. 
Increasing molding temperature to decrease melt viscosity is not desirable, because it may degrade the resin. 
[0106] Preferable melt viscosity at 230°C is normally 100 to 13.000Pa-s, more preferably 200 to 10,OOOPa.s, still 
more preferably 300 to 8,000Pa.s. Melt viscosity at 230*»C below 1 0OPa-s is not desirable, because it may deteriorate 
heat resistance of the resin composition, and also may be too low for smooth extrusion molding. Melt viscosity at 230° C 
above 13,OO0Pa-s is also not desirable, because it is excessively high and may deteriorate moldability of the resin 
composition. 

[0107] Second, preferable glass transition temperature is normally 100 to ISO'^C, more preferably 120 to l/O^'C. 
Glass transition temperature below 100'C is not desirable, because the molded article, e.g.. film, of the resin compo- 
sition may be insufficiently resistant to heat. The level above 1 90^ C is also not desirable, because the molding process 
needs high temperature which may cause degradation of the resin. 

5. Molded article or optical film 

[0108] The thennoplastic nort)ornene-based resin composition of the present invention may be melt-molded by a 
known method, in particular extrusion, injection or compression molding, into an article. It may be molded into a film 
by casting. The molded article may be coated with a hard coat of Inorganic compound, organte silicon compound (e. 
g., as a silane coupling agent), resin (e.g., acrylic-based, vinyl-based, melamine, epoxy, fluorine-based or silicone 
resin) or the like. The hard coat may be provided by a known means, e.g., curing by the aid of heat or UV, vacuum 
deposition, sputtering or ion plating. The molded article, when coated with a hard coat, can have improved properties, 
e.g., heat resistance, optical properties, resistance to chemicals or wear, or moisture permeability. 
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[0109] Applicable areas for the thermoplastic norbornene-based resin composition of the present invention are not 
limited. It can be widely used in various areas, e.g., optical displays centered by image-transferring sheets and various 
other films and sheets (e.g., liquid-crystal, EL and plasma displays), lenses (e.g., those for common cameras, video 
cameras, telescopes, glasses and laser beams), optical disks (e.g., optical video, audio, document filing and memory 

5 disks), and optical materials (e.g., those for optical fibers). It may be also suitably applicable to other areas, e.g., cases 
for various electronic devices, window glasses, printed boards, sealants and Inorganic or organic binders. 
[0110] Of these, the areas in which excellent properties characteristic of the thennoplastic norbomene-based resin 
composition of the present invention, e.g., moldabtllty and heat resistance, are fully utilized are optical films, e.g., phase 
difference films and polarizing plate protective films. 

10 [01 1 1] The optical film of the present invention is manufactured by extrusion for cost consideration. It is normally 1 0 
to 300pm thick. It is much superior to the conventional optical film in total light transmittance, tear strength and haze, 
as discussed below. 

[0112] Total light transmittance of the film is normally 60 to 100%, preferably 70 to 100%, more preferably 80 to 

100%. Total light transmittance below 60% is not desirable, because it may limit the optical film applicable areas. 
IS [01 1 3] The film should have a tear strength of 0. 1 N or more. Tear strength below 0. 1 N may limit the film applicable 
areas, and this tendency will be particularly noted when the film is thin at 10pm or less. 

[01 1 4] Moreover, the optical film of the present Invention should have a haze of 20% or less, preferably 1 0% or less, 
more preferably 5% or less. Haze below 20% Is not desirable, because it may limit the film applicable areas. 
[01 15] As discussed above, the thermoplastic norbornene>based resin composition Is very useful, because it can be 
20 widely used for various areas, not limited to optical areas. 

EXAMPLES and COMPARATIVE EXAMPLES 

[0116] The present invention is described in more detail by EXAMPLES, which by no means limit the present inven- 
ts tion. The analytical procedures used in EXAMPLES to determine the properties are described beiow. 

(1) Measurement of molecular weight by GPG: Molecular weight was measured using Tosoh's HLC-8020 and 
autosampler AS-8020, data analyzer SC-8020 and Shodex's column K-806L (2 columns were used) under the 
conditions of flow rate: ImL/mlnute, oven temperature: 40°C, refractometer temperature: 40*'C, sample concen- 

30 tratlon: about 0.1% by weight, Injected sample volume: 300p.L, solvent: chloroform, and standard sample: standard 

polystyrene. 

(2) Softening temperature: Softening point was measured by a Shimadzu Corp.'s flow tester GFT-500C under the 
following conditions: 

35 

Extrusion pressure: 0.9806MPa (accuracy: within ±1% of the set level) 
Heating method: Electrical heater (500>AO 

Cylinder temperature: Heating rate: 6®C/minute (control accuracy: ±0.2°C) 

Stroke: Measurable range: 15mm 
40 Detector: Linear type potentiometer (measurement accuracy: ±0.5%) 

Resolution: 0.01mm 

Sample volume: max. 1 .Scm^ 

Cylinder Diameter: 11. 329+0. 005/Omm 

Piston Diameter: 11 .282+0.002/Omm 
4s Standard die: 1 .0±0.01 (diameter) by 10.0±0.005mm (length) 

(3) Melt viscosity: Melt viscosity was measured at 230 and 280''C by the method similar to that for (2). 

(4) Glass transition temperature: Glass transition temperature was measured by a TA Instruments' DSC2920 Mod- 
50 ulated DSC under the following temperature program conditions, where glass transition temperature determined 

in the final heating step was defined as the glass transition temperature of the present invention. 

Temperature was increased at lO^'C/minute from room temperature to SO^'C, at which the sample was held 
isothermally for 5 minutes. 

Temperature was increased at 1 0*C/minute from SO^'C to 200°C, at which the sample was held for 5 minutes. 
55 Temperature was decreased at 1 0**G/minute from 200**C to -50°C, at which the sample was held for 5 minutes. 

Temperature was Increased at 1 0*C/minute from -50*0 to 200**C, at which the sample was held for 5 minutes. 

(5) Total light transmittance: Total light transmittance was measured in accordance with JIS K-7150. 
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(6) Haze: Haze was measured in acxsordance with JIS K-7150. 

(7) Tear strength: Tear strength was measured In accordance with JIS K-7128 (right angle die). 

5 (8) Outer appearances: Outer appearances of the film were visually observed to count spot defects (measured 

area: 1 0m^) by transmission, and evaluated according to the following standards: 

® : 3 defects/m2 or less 

Q 4 to 9 defects/m2 

X: 1 0 defects/m2 or more 

[CATALYST SYNTHESIS EXAMPLE 1] 
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[0117] A 300mL flask was charged with 2.79g (9.1mmols) of Ru(p-cymene)Cl2, to which 18.2mmols of PCy3 and 
9.1mmols of t-butyl acetylene were added together with 150mL of toluene, and the reaction was allowed to proceed 
in a flow of nitrogen for 7 hours. On completion of the reaction, the effluent was distilled under a vacuum to remove 
toluene, and recrystallized in a THF/ethanol system, to synthesize a ruthenium complex compound represented by 
the formula (7): 



PCy3 

CI 



CI 



> 



Ru=C=C 



PCy 



H 



3 



[CATALYST SY^JTHESIS EXAMPLE 2] 

[01 18] A ruthenium complex compound represented by the formula (8) was prepared in accordance with the proce- 
dure described by USP5,831,108: 

01^ 



or 



(8) 

I H 



PCy 



3 



50 [CATALYST SYNTHESIS EXAMPLE 3] 

[01 1 9] A ruthenium complex compound represented by the fonnula (9) was prepared in accordance with the proce- 
dure described by WOg9/00396: 

55 
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CI 
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S-Ph 
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[OLIGOMER SYNTHESIS EXAMPLE 1] 
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[01 20] A solution was prepared by dissolving 4.46g (1 /1 0 equivalents of norbornene) of 1 -hexene and 21 7mg (1/2,000 
equivalents of norbornene) of the ruthenium complex represented by the formula (7) In 1 0mL of toluene, and put slowly 
in a solution of 50g of norbornene dissolved in 200mL of toluene, and the reaction was allowed to proceed at room 
temperature for 24 hours. On completion of the reaction, the effluent was refined 3 times by reprecipitation with a 
^ toluene/methanol system, and dried to prepare an oligomer in a yield of 87%. The oligomer had a number-average 
molecular weight Mn of 1,900 and molecular weight distribution (Mw/Mn) of 1.72, both as the standard polystyrene, 
determined by GPC with chloroform as the solvent. 

[0121] A solution of 1 0g of the above oligomer dissolved in lOOmL of toluene was Incorporated with lOmg of chlo- 

rohydridecarbonyltris(tnphenylphosphine) ruthenium [RuCIH(CO)(PPh3)3], and the reaction was allowed to proceed 
25 in an autoclave at 120**C and 20atms for 20 hours under hydrogen. The whitely turbid effluent solution was put in 
300mL of methanol. The resulting white precipitates were washed several times with methanol and dried under a 
vacuum, to obtain a white solid hydrogenated oligomer in a yield of 9.5g. 

[0122] The oligomer was analyzed by 1 H-NMR to confinm that the peak (5 to 7ppm) relevant to the olefin double 
bond completely disappeared. Properties of the hydrogenated oligomer are given in Table 1 . 



[OLIGOMER SYNTHESIS EXAMPLE 2] 

[0123] A solution was prepared by dissolving 50g of 5-norbornene-2H7iethanol In 200mL of chloroform, to which 
166mg (1/2,000 equivalents of norbomene) of the ruthenium complex represented by the formula (7) and 5g of 1-hex- 

35 ene, and the reaction was allowed to proceed with stirring for 24 hours. On completion of the reaction, the effluent was 
refined 3 times by reprecipitation with a toluene/methanol system, and dried to prepare an oligomer in a yield of 85%. 
[0124] The oligomer had a number-average molecular weight Mn of 1 ,100 and molecular weight distribution (Mw/ 
Mn) of 2.1 0, both as the standard polystyrene, determined by GPC with chloroform as the solvent. 
[0125] A solution of lOg of the above oligomer dissolved in lOOmLof THF was incorporated with lOmg of chlorohy- 

40 drldecarbonyltris(triphenylphosphine) ruthenium [RuCIH(CO)(PPh3)3], and the reaction was allowed to proceed in an 
autoclave at 120''C and 15atms for 20 hours under hydrogen. The whitely turbid effluent solution was put in 300mL of 
methanol. The resulting white precipitates were washed several times with methanol and dried under a vacuum, to 
obtain a white solid hydrogenated oligomer in a yield of 9.3g. 

[0126] The oligomer was analyzed by 1 H-NMR to confimn that the peak (5 to 7ppm) relevant to the olefin double 
45 bond completely disappeared. Properties of the hydrogenated oligomer are given in Table 1 . 

[OLIGOMER SYNTHESIS EXAMPLE 3] 

[0127] A solution was prepared by dissolving O.SSSg (1/80 equivalents of norbornene) of 1 -hexene and 219mg 
^0 (1/2,000 equivalents of norbomene) of the ruthenium complex represented by the formula (8) in 1 0mL of toluene, and 
put slowly in a solution of 50g of norbomene dissolved in 200mL of toluene, and the reaction was allowed to proceed 
at room temperature for 24 hours. On completion of the reaction, the effluent was-refined 3 times by reprecipitation 
with a toluene/methanol system, and dried to prepare an oligomer in a yield of 87%. 

[0128] The oligomer had a number-average molecular weight Mn of 13,000 and molecular weight distribution (Mw/ 
5S Mn) of 2.52, both as the standard polystyrene, detemnined by GPC with chloroform as the solvent. 

[0129] A solution of 10g of the above oligomer dissolved in lOOmL of toluene was incorporated with lOmg of chlo- 
rohydridecarbonyltris(triphenylphosphine) ruthenium [RuCIH(c6)(PPh3)3], and the reaction was allowed to proceed 
in an autoclave at ^20°C and 20atms for 20 hours under hydrogen. The whitely turbid effluent solution was put in 
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300mL of methanol. The resulting white precipitates were washed several times with methanol and dried under a 
vacuum, to obtain a white solid hydrogenated oligomer in a yield of 9.9g. 

[0130] The oligomer was analyzed by 1 H-NMR to confimri that the peak (5 to 7ppm) relevant to the olefin double 
bond completely disappeared. Properties of the hydrogenated oligomer are given in Table 1 . 

5 

[OLIGOMER SYNTHESIS EXAMPLE 4] 

[0131] A solution was prepared by dissolving 15.5g (1/3.5 equivalents of norbomene) of allyl acetate and 50g of 
norbornene in 200mL of toluene, to which 227mg (1/2,000 equivalents of norbomene) of the ruthenium complex rep- 
10 resented by the formula (9), and the reaction was allowed to proceed at room temperature for 24 hours. On completion 
of the reaction, the effluent was refined 3 times by reprecipitation with a toluene/methanol system. The product was 
analyzed by 1 H-NMR to confimri that acetoxy group was included at the polymer terminal by the presence of the proton 
peak of the unsaturated bond adjacent to the acetoxy group. Yield was 91%. 

[0132] The resulting oligomer had a number-average molecular weight Mn of 4,600 and molecular weight distribution 
*5 (Mw/Mn) of 1 .81 , both as the standard polystyrene, detemnined by GPC with chloroform as the solvent. Properties of 
the hydrogenated oligomer are given in Table 1 . 

[OLIGOMER SYNTHESIS EXAMPLE 5] 

20 [0133] A solution was prepared by dissolving 25g of the product prepared in OLIGOMER SYNTHESIS EXAMPLE 4 
in.400mL of toluene, to which 40g of a 10% by weight methanol solution of sodium methoxide, and the mixture was 
stirred at room temperature for 18 hours. The mixture was then incorporated with 400mL of methanol, and refined 2 
times by reprecipitation with a toluene/methanol system and dried. The product was analyzed by 1 H-NMR and IR 
spectral analysis to confinn that acetoxy group was totally converted into hydroxyl group. The yield in the hydroxylation 

25 process was 98%. 

[0134] The resulting oligomer had a number-average molecularwelght Mn of 4,500 and molecular weight distribution 
(Mw/Mn) of 1.72. both as the standard polystyrene, detennined by GPC with chlorofonn as the solvent. Properties of 
the oligomer are given in Table 1 . 

30 [OLIGOMER SYNTHESIS EXAMPLE 6] 

[0135] A solution was prepared by dissolving 4.1 6g (1/10 equivalents of 5-ethylldene-2-norbornene) and 0.068g 
(1/5,000 equivalents of 5-ethy!ldene-2-noriDomene) of the ruthenium complex represented by the formula (7) In lOmL 
of toluene, and put slowly in a solution of SOg of 5-ethylldene-2-noriDornene dissolved in 200mL of toluene, and the 
35 reaction was allowed to proceed at room temperature for 24 hours. On completion of the reaction, the effluent was 
refined 3 times by reprecipitation with a toluene/methanol system, and dried to prepare an oligomer in a yield of 85%. 
The oligomer had a number-average molecular weight Mn of 2,200 and molecular weight distribution (Mw/Mn) of 1 .81 , 
both as the standard polystyrene, determined by GPC with chlorofonn as the solvent. 

[01 36] A solution of 1 0g of the above oligomer dissolved in 1 0OmL of toluene was Incorporated with 1 0mg of chlo- 
rohydridecariDonyltris(trlphenylphosphlne) mthenium [RuCIH(CO)(PPh3)3], and the reaction was allowed to proceed 
in an autoclave at 130*C and 20atms for 24 hours under hydrogen. The whitely turbid effluent solution was put in 
300mL of methanol. The resulting white precipitates were washed several times with methanol and dried under a 
vacuum, to obtain a white solid hydrogenated oligomer In a yield of 9.4g. 

[0137] The oligomer was analyzed by 1 H-NMR to confimri that the peak (5 to 7ppm) relevant to the olefin double 
^5 bond completely disappeared. Properties of the hydrogenated oligomer are given in Table 1 . 

[OLIGOMER SYNTHESIS EXAMPLE 7] 

[0138] A solution of lOg of the oligomer prepared in OLIGOMER SYNTHESIS EXAMPLES in 1 0OmL of toluene was 
50 incorporated with lOmg of chlorohydridecari3onyltris(triphenylphosphine) ruthenium [RuCIH(CO)(PPh3)3], and the re- 
action was allowed to proceed in an autoclave at 120*»C and 20atms for 20 hours under hydrogen. The whitely turiDid 
effluent solution was put in 300mL of methanol. The resulting white precipitates were washed several times with meth- 
anol and dried under a vacuum, to obtain a white solid hydrogenated oligomer in a yield of 9.5g. 
[0139] The oligomer was analyzed by 1 H-NMR to confinn that the peak (5 to 7ppm) relevant to the olefin double 
55 bond completely disappeared. Properties of the bydrogenated oligomer are given in Table 1 . 
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Table 1 



Oligomer No. 


1 


2 


3 


4 


5 


6 


7 


Number-average molecular weight 


1900 


2400 


13000 


4600 


4500 


2200 


4500 


Softening point 


98 


101 


135 


75 


79 


85 


101 



EXAMPLE 1 



[0140] A thermoplastic norbornene-based resin composition was prepared by incorporating 5 parts by weight of the 
oligomer prepared in OLIGOM ER SYNTHESIS EXAMPLE 1 in 1 00 parts by weight of the base polymer of ZEONOR^m 
1600 (Zeon). The composition was predried at 70**C for 3 hours, and extruded by a single-screw extruder (50mm in 
diameter, L/D=28) under the conditions of coat hanger type T-die width: 500mm, extrusion temperature: 250 to 295**C, 
cooling roll temperature: 120*'C and mold temperature: 280*C, into a 430mm wide, 40jim thick film. The evaluation 
results are given in Table 2. 



EXAMPLE 2 



[0141] A thermoplastic norbornene-based resin composition was prepared by Incorporating 5 parts by weight of the 
oligomer prepared in OLIGOMER SYNTHESIS EXAMPLE 2 in 100 parts by weight of the base polymer of ARTON™ 
D4532G (JSR). The composition was extruded in a manner similar to that for EXAMPLE 1 into a 430mm wide, 40jim 
thick film. The evaluation results are given In Table 2. 

EXAMPLE 3 

[0142] A thermoplastic norbornene-based resin composition was prepared by incorporating 10 parts by weight of 
Escorez^** 228F(Tonex's petroleum resin, number-average molecular weight: 500, softening point: 135**C) in 100 parts 
by weight of the base polymer of ZEONOR^m 1 600 (Zeon). The composition was predried at 110°C for 3 hours, and 
extruded by a single-screw extruder (50mm in diameter, L/D=28) under the conditions of coat hanger type T-die width: 
500mm, extrusion temperature: 240 to 285'*C, cooling roll temperature: 120°C and mold temperature: 270*»C, into a 
430mm wide, 40p.m thick film. The evaluation results are given in Table 2. 

EXAMPLE 4 

[0143] . A thermoplastic norbornene-based resin composition was prepared by incorporating 2 parts by weight of the 
oligomer prepared in OLIGOMER SYNTHESIS EXAMPLE 4 in 100 parts by weight of the base polymer of ZEONOR^m 
1600 (Zeon). Then, the composition was dissolved in a cyclohexane/toluene (1/9) mixed solvent to prepare a 25% by 
weight solution. The solution was developed on a glass surface and dried to prepare a 40p.m thick film. The evaluation 
results are given In Table 2. 

EXAMPLE 5 

[0144] A film was prepared in the same manner as in EXAMPLE 4, except that the oligomer was replaced by 1 .5 
parts by weight of the one prepared In OLIGOMER SYNTHESIS EXAMPLE 5. The evaluation results are given in Table 



EXAMPLE 6 



[0145] A film was prepared in the same manner as in EXAMPLE 1 , except that the oligomer was replaced by the 
one prepared In OLIGOMER SYNTHESIS EXAMPLE 6. The evaluation results are given in Table 2. 

EXAMPLE 7 

[0146] A film was prepared in the same manner as in EXAMPLE 1 , except that the oligomer was replaced by the 
one prepared in OLIGOMER SYNTHESIS EXAMPLE 7, The evaluation results are given in Table 3. 
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EXAMPLE 8 

[0147] A film was prepared in the same manner as In EXAMPLE 3, except that ZEONORtw 1 600 (Zeon) was replaced 
by ARTON™ D4532G(JSR) and content of Escorez'^M 228F (Tonex's petroleum resin, number-average molecular 
weight: 500, softening point: 135°C) was changed from 10 to 25 parts by weight. The evaluation results are given in 
Table 3. 

COMPARATIVE EXAMPLE 1 

[01 48] A film of resin composition was prepared in the same manner as in EXAMPLE 1 , except that the olef in-based 
compound was not incorporated. The evaluation results are given in Table 3. 

COMPARATIVE EXAMPLE 2 

[0149] A film of resin composition was prepared in the same manner as in EXAMPLE 2, except that the olef in-based 
compound was not incorporated. The evaluation results are given in Table 3. 

COMPARATIVE EXAMPLE 3 

[0150] A film of resin composition was prepared in the same manner as in EXAMPLE 1, except that the oligomer 
was replaced by the one prepared in OLIGOMER SYNTHESIS EXAMPLE 3. The evaluation results are given in Table 3. 



Table 2 



25 




EXAMPLE 1 


EXAMPLE 2 


EXAMPLE 3 


EXAMPLE 4 


EXAMPLE 5 


EXAMPLE 6 


30 


Thermoplastic 
norbornene- 
based resin 
composition 
(parts by 
weight) 


ZEONOR 
(100) 


ARTON 
(100) 


ZEONOR 
(100) 


ZEONOR 
(100) 


ZEONOR 
(100) 


ZEONOR 
(100) 


35 


Olefin-based 
compound 
(parts by 
weight) 


Oligomer 1 
(5) 


Oligomer 2 
(5) 


Escorez (5) 


Oligomer 4 
(2) 


Oligomers 
(1.5) 


Oligomer 6 
(5) 




Melt viscosity 
at 230*»C 
(Pas) 


1100 


1650 


1000 


1200 


1200 


1100 


40 


Melt viscosity 
at 280''G 
(Pas) 


40 or less 


40 or less 


40 or less 


40 or less 


40 or less 


40 or less 


45 


Glass 
transition 
temperature 
(-C) 


143 


142 


135 


146 


145 


140 


SO 


Total light 
transmittance 

(%) 


93 


93 


93 


93 


93 


93 




Haze (%) 


0.1 


0.2 


0.1 


0.5 


0.4 


0,1 




Tear strength 
(N) 


2.5 


2.7 


2.1 


2.7 


2.7 


2.5 


55 


Outer 

appearances 


® 


® 


0 


® 


® 


® 
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Table 2 (continued) 







EXAMPLE 1 


EXAMPLE 2 


EXAMPLES 


EXAMPLE 4 


EXAMPLES 


EXAMPLE 6 


5 


Moisture 
pemneabiiity 
(g/m2/day/ 
40|im thick) 


13 


120 


• 9 


20 


25 


51 


10 


Peel strength 
{N/25mm) 


1.95 


2.68 


1,51 


2.51 


2.65 


2.62 



Table 3 



IS 




EXAMPLE 7 


EXAMPLE 8 


COMPARATIVE 
EXAMPLE 1 


COMPARATIVE 
EXAMPLE 2 


COMPARATIVE 
EXAMPLES 


20 


Themnoplastic 
norbornene- 
based resin 
composition 
(parts by weight) 


ZEONOR(IOO) 


ARTON (100) 


2EONOR (100) 


ARTON (100) 


ZEONOR (100) 




Olef in-based 
compound (parts 
by weight) 


Ohgomer 7 (5) 


Escorez (25) 






Oligomer 3 (5) 


25 


Melt viscosity at 
230*»C (Pa-s) 


1100 


700 


15000 or more 


15000 or more 


1 5000 or more 




Melt viscosity at 
280°C (Pa-s) 


40 or less 


40 or less 


1000 


700 


800 


30 


Glass transition 
temperature (''C) 


144 144 


135 135 


155 155 


145 145 


153 153 


35 


Total light 

transmittance 

(%) 


93 


93 


91 


92 


88 




Haze (%) 


0.1 


9.2 


0.05 


0.1 


6 




Tear strength (N) 


2.5 


2.5 


3.3 


3.1 


3.3 


40 


Outer 

appearances 


® 


O 


X 


X 


X 


45 


Moisture 
pemneabiiity (g/ 
m2/day/40^im 
thick) 


45 


103 


5 


105 


6 




Peel strength (N/ 
25mm) 


2.68 


1.52 


1.08 


1.42 


1.08 



[0151] It is apparent from the results given in Tables 2 and 3 that the film of the thermoplastic norbornene-based 
resin composition of the present invention, prepared in each of EXAMPLES 1 to 8, is excellent not only in moldability 
at low temperature but also in total light transmittance, haze and tear strength. 

[0152] The significant effect of the olefin-based compound is noted in each EXAMPLE, although the composition 
incorporated with ZEONOR"^*^ as the thermoplastic norbomene-based resin shows a lower moisture penmeability than 
the one incorporated with ARTON^^**^. Moreover, the composition containing the olefin-based compound at a relatively 
low content (prepared in each of EXAMPLES 1 to 7) loses glass transition temperature less, which is accompanied by 
favorable effects on transparency, heat resistance, moldability at low temperature, among others. By contrast, the one 
containing the olefin-based compound at a higher content (composition prepared in EXAMPLE 8), although higher in 
total light transmittance, shows reduced transparency and higher haze value. The composition which contains the 
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olefin-based compound having an unsaturated structure (prepared In each of EXAMPLES 4 and 5) shows a slightly 
higher haze value, conceivably resulting from oxidation-Induced degradation of the unsaturated bond during the mold- 
ing process. 

[0153] By contrast, the composition free of an olefin-based compound (prepared in each of COMPARATIVE EXAM- 
5 PLES 1 and 2) has a high melt viscosity to deteriorate its moldability, and gives a film of unsatisfactory outer appear- 
ances. On the other hand, the composition Incorporated with an olefin-based compound having an excessively high 
number-average molecular weight (prepared in COMPARATIVE EXAMPLE 3) not only has a high melt viscosity to 
deteriorate its moldability but also gives a film of unsatisfactory optical performance and outer appearances. 
[01 54] The effect of oligomer used as the olefin-based compound is viewed from moisture pemieability. It increases 
10 moisture pemneability moderately from 1 05 to 120, when incorporated in ARTON^*^, which has a polar group, (compare 
the composition prepared in EXAMPLE 2 with that prepared in COMPARATIVE EXAMPLE 2). By contrast, it drastically 
increases moisture pemneability about 3 to 10 times from 5 to 13-51 , when incorporated in ZEONOR'^^, which has not 
a polar group (compare the composition prepared in each of EXAMPLES 1 , 4 and 5 to 7 with that prepared in COM- 
PARATIVE EXAMPLE 1). 

15 [0155] Similarly, the effect is viewed from adhesiveness. It increases tear strength moderately from 1.42 to 2.68, 
when Incorporated in ARTON^m. which has a polar group (compare the composition prepared in EXAMPLE 2 with that 
prepared in COMPARATIVE EXAMPLE 2). By contrast, it drastically increases tear strength about 2 to 2.5 times from 
1 .08 to 1 .95-2.68, when incorporated in ZEONOR"r", which has not a polar group (compare the composition prepared 
in each of EXAMPLES 1 , 4 and 5 to 7 with that prepared in COMPARATIVE EXAMPLE 1). 

20 [0156] As discussed above, the thermoplastic norbornene-based resin composition of the present invention has 
improved moldability, moisture pemneability and adhesiveness, among others, and controlled In thermal degradation 
and defect formation during the melt molding process while retaining the inherent advantages of norbornene-based 
resin, e.g., heat resistance and transparency by incorporating any thermoplastic norbornene-based resin with a specific 
olefin-based compound. The thermoplastic norbornene-based resin composition of the present invention is useful, 

25 because it gives, when melt-molded, a molded article or optical film, e.g., phase-difference film or polarizing plate 
protective films, excellent In, e.g., transparency, heat resistance, low moisture absorptivity, low birefringence, molda- 
bility, moisture pemneability and adhesiveness. 



30 Claims 

1 . A melt-moldable, themnoplastic norbornene-based resin composition comprising a base polymer (A) composed of 
themnoplastic norbornene-based resin incorporated with an olefin-based compound (B) having a number-average 
molecular weight of 200 to 1 0,000 and softening point of 70 to 1 70**C. 

35 

2. The thermoplastic norbornene-based resin composition according to Claim 1 , wherein said base polymer (A) is a 
norbornene-based resin having no polar group. 

3. The thermoplastic norbomene-based resin composition according to Claim 1 , wherein said olefin-based compound 
^ (B) has a number-average molecular weight of 500 to 5,000. 

4. The themnoplastic norbomene-based resin composition according to Claim 1 , wherein said olefin-based compound 
(B) is an alicyclic olefin or polymer thereof . 

5. The thenmoplastic norbornene-based resin composition according to - Claim 4, wherein said alicyclic olefin or 
polymer thereof .has a polar group. 

6. The thermoplastic norbomene-based resin composition according to Claim 4 or 5, wherein said alicyclic olefin or 
polymer thereof Is a compound having a cyclopentene or norbornene ring. 

so 

7. The themnoplastic norbomene-based resin composition according to Claim 6, wherein said alicyclic olefin or pol- 
ymer thereof is a hydrogenation product. 

8. The thermoplastic norbornene-based resin composition according to one of Claims 5 to 7, wherein said alicyclic 
S5 olefin or polymer thereof having a polar group Is a product obtained by metathesis polymerization of a given nor- 
bomene-based monomer 

9. The thermoplastic norbornene-based resin composition according to one of Claims 5 to 7, wherein said alicyclic 
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olefin or polymer thereof having a polar group is a product obtained by metathesis polymerization of a given nor- 
bornene-based monomer in the presence of a chain transfer agent containing a functional group. 

10. The thermoplastic norbornene-based resin composition of one of Claims 5 to 9, wherein said polar group is a 
functional group having active hydrogen selected from the group consisting of carboxyl, hydroxyl, amino, amide 
and silyl group. 

11. The themrioplastic norbornene-based resin composition of Claim 1, wherein said olefin-based polymer (B) is in- 
corporated at 0.01 to 100 parts by weight per 100 parts by weight of said base polymer (A). 

12. The thenmoplastic norbornene-based resin composition of Claim 11 , wherein said olef In-based polymer (B) is in- 
corporated at 0.01 to 15 parts by weight per 100 parts by weight of said base polymer (A). 

13. The thermoplastic norbornene-based resin composition of Claim 11 or 12, wherein said olefin-based polymer (B) 
15 is incorporated in said base polymer (A) to an extent to keep glass transition temperature reduced by 20°C or less. 

14. The thermoplastic norbomene-based resin composition of one of Claims 1 to 13. which has a melt viscosity of 
3,000Pa s or less at 280*»C and 100 to 13,000Pa-s at 230**C. and glass transition temperature of 1 00 to 1 90*C. 

20 15. A molded article produced by melt molding of the thermoplastic norbomene-based resin composition of one of 
Claims 1 to 14. 

16. An optical film produced by extrusion molding of the thermoplastic norbornene-based resin composition of one ef 
Claims 1 to 14. 

25 

17. The optical film according to Claim 1 6, which has a total light transmittance of 60 to 1 00%. 

18. The optical film according to Claim 1 6, which has a tear strength of 0.1 N or more. 

30 19. The optical film according to one of Claims 1 6 to 1 8, which has a haze of 20% or less. 



35 



40 



45 



so 



55 
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